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Direct Searches for Low-Mass New Physics

* Models inspired by astrophysical and astro-particle

observations

0 Strongest hint: INTEGRAL 511 keV anomaly
0 Also positron, y-ray excess in PAMELA, FERMI

0 Hints of low-mass direct DM detection (DAMA, CoGeNT,
CRESST)

"~ Typical models: low-mass (<10 GeV) gauge bosons and/or scalars (Higgs)

INTEGRAL source

A puzzle in the center of the galaxy
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Fig.1l. Raw spectrum and background model compo-
nents.

* Not consistent with point source

- (needed 7 in 1yr data) Courtesy N.Weiner
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Examples

Models with low-mass dark matter and/or
gauge bosons

&~ E.g. “Dark Sector”
NMSSM models with light CP-odd Higgs
Q Solve fine-tuning problems in MSSM
a CP-odd Higgs, A%, below 2m,, is not

constrained by LEP

& Large BR for Y—=>yA9 possible

Accessible at B-Factories in ete-
annihilation or bottomonium decays

Q Subject of a comprehensive campaign
of searches in BaBar since 2008

&~’] publications, 2 prelim. results,
several ongoing analyses
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Upsilon Resonances

* Electron-Positron collider: ete™ — y — Y(nS)
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Upsilon Resonances

* Electron-Positron collider: ete™ — y — Y(nS)
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For any bottomonium process BF =I' /I', , >> BF,(, n=1,23

Significantly better sensitivity to direct production of light degrees of

freedom @ narrow resonances. Focus of BaBar’s Run7 (2008)
Yury Kolomensky, TAUP-2013
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The BaBar Detector

BaBar Experiment

151
superconducting
solenoid
DIRC(PID) T EMC
144 quariz bars 6580 CsI(TI) crystals
11000 PMs

Drift Chamber
40 layers
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Instrumented Flux Return

Silicon Vertex Tracker
5 layers, double sided strips

n/ neutral hadrons)
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BaBar Recorded Y(4s): 432.89/fb

BaBar Recorded Y(3s): 30.23/fb

BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

Delivered Luminosity
Recorded Luminosity
Recorded Lumi ity Y(4s)
Recorded Luminosity Y{(3s)
Recorded Luminosity Y{(2s)

- PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
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BaBar dataset: ~520 fb-! total collected luminosity
~470M Y (4S) decays

~120M Y(3S) decays
~100M Y(2S) decays
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Searches for Dark Matter Production
* Generic model: DM particle y with my,<my/2

a Plus a new scalar (A°) or vector (A’) particle to
mediate s-channel annihilation
& On-shell: my<ma/2<my/2: resonant decays of Y’

&= Off-shell (my<my/2<ma/2): non-resonant decays

* Signatures and predicted rates:

0 Invisible decays of Y with BF >> BF(Y—vv)

& BF(Y—yy)~4x104-2x10-3 [McElrath, PRD 72, 103508
(2005)]

A Radiative decays Y—y+invisible
& BE(Y—>yyy )~10-5-10-4[Yeghiyan, PRD 80, 115019 (2009)]
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Y(lS)—>invisible' Analy5|s Strategy

. ,\,Smgger
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é’ L Y (3S)—=r"T (uw)

Q' 60 Y (3S)=n'n(e’e’)

% S0 Y (3S)—=a"n'(t*r)

>

m 40

Additional non-peaking backgrounds
from ete-—>y*y*—>e+e-m+m- not included
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Y(1S)—invisible: Signal Extraction

Maximum likelihood fit to BRI
2-track “invisible” sample

A BaBar: PRL103, 251801 (2009)

[ d
.....

Peaking Component:

IIII|IIII|IIIA|IIII|IIII|IIII|I F.'|IIII|III

1 I | 1 1 I 1 1 1 I 1 1 1 I 1 1 1
942 944 946 = 9.48 9.5 9.52
m,, (GeV/c?)

BR(Y(1S)—invisible) = [ —1.6 = 1.4 (stat.) + 1.6 (syst.) |x10-+
BR(Y(1S)—invisible) < 3.0x10+ @ 90% C.L. [BaBar PRL103, 251801 (2009)]

BR(Y(1S)=>invisible) < 2.5x10-3 @ 90% C L. [Belle PRL98, 132001 (2007)]

— Strong constraint on models with DM below 4.5 GeV
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Y(1S)— v +invisible

Search for decay chain Y(2S)—mrm-Y(1S),
Y'(1S)—vy+invisible

Resonant (invisible=Higgs) or non-resonant
(invisible=yy, e.g. light dark matter)

Identify the event by two low-momentum
pions from Y(1S)—gt+7 transition, a single

energetic photon, and large missing energy

Two key kinematic variables: missing mass
Mx?, and dipion recoil mass

2 2
x MY(]S) _MX

HER:8.052 GeV, LER:3.113 GeV , /.

EY
2M y s,
C m? . =s5+mi_ —2\/sE
e S recoil T T
e Search for excess of events over background

as a function of missing mass
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Example: Y(2S)—mtY(1S), Y(1S)—=vAO,
AV—invisible

Most significant peak in missing mass: m,,=7.58 GeV, 2.00 significance

Events /| 0,001 Ge¥ )
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>30% probability to observe a peak of this significance anywhere in m,,<9.2 GeV range

PRL 107,021804 (2011)
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& IRERRN
3 _
= BABAR
1 =0 E
ok .
4o
S i
. (=)}
®
B
=10 -
[=a] - ]
| PR R | v v b b b b b b b Ly
4 6 8 0 05 1 15 2 25 3 35 4 45

Resonant Y (1S)—yA? search

m,, (GeV)

m, (GeV)

Non-resonant Y(1S)—vyyy search

Best limits on radiative decays of Y(1S) to invisible final states
PRL 107, 021804 (2011)
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Gauge Bosons in the "Dark Sector”

Dark matter particles in ~TeV range,
but new gauge bosons in ~GeV
range

Coupling to leptons due to small
mixing between SM and DS

New gauge bosons decay to lepton
pairs, anti-proton production
forbidden by kinematics or
suppressed — explains PAMELA/
ATIC features

Search for low-mass states in ete-
annihilation @ B-Factories

@ B g i
standard |Yv(1)  Uy(1)| park sector
Model RN G,

€
i J J
Az mix — © Fo BUV

N. Arkani-Hamed et al
PRD 79, 015014 (2009)

o+
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oe'e = WW-=1'TI'"1)

Direct Search for Dark Sector

Look for ete-—I*1-1*1- final states (4e, 2e2u,4w) as a function of two-

lepton mass

Full BaBar dataset (~540 fb-1)

]60B B 1 rr rr [ rrrr [ 11T [T . c':a__. T
A AR el 1 =107 =
140 prfiminary BROW —€*e”)=BR(W —~p*U") 4 77 F BABAR arXiv: 0908 2821
" 1= ~  preliminary -.-r-
120F = )
= ] m 10° ? ...'.;'
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olete - WW' —

I+ 1)< (25 — 60) ab

Some of the smallest cross section ULs measured @ B-Factories
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Search for Dark Higgs
 Extension of the dark sector ¢ o~ea, A;;:&

models: dark Higgs N
° ° A'*
0 Mass generation 1n dark A
sector "’ Higgs decay topology
0 Mass can be low ™ m >2m.
‘ . 107y off-shell boson
0 Detect by Higgs-strahlung U] s
3 decays
process etfe— A’h’ o v .
B S 1077 r :
a Decays to A’ pairs G z
&~ Multi-particle (multi-lepton) 0= ﬁ
ﬁnal State 0.1 oiz ol.s 1i0 2!0 M (Ge\ll%o
@ Clean detection, virtually no displaced /invisible decay  prompt decay

QED background
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Dark Higgs Search

Focus on direct decay topology: e'e—A’h’; h’— A’A’
Look for A’ decays to a pair of oppositely-charged tracks, or to
invisible final state (A’—e"e™, u'u-, m'n, X)

Signal candidates

Require same mass for
each pair

6 events selected
(18 combinations)

Consistent with
background estimates

|
9/11/2013
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Dark Higgs Limits

0 L I- -t 2
90% CL upper limit on o, ¢ Limit on e*=a'/o assuming o =a_ =1/137
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106EE e IE PRL 108, 211801 (2012)
107 _E m,. = 0.3 GeV ?'
10°F 71 Substantial improvement over previous
0% 1 limits. Constrain model space
1010 [ . : : R B
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m; (GeV) Yury Kolomensky, TAUP-2013



17

Higgs Searches: ete=—Y(2S,3S)—>yAC

/N AN * (Pseudo)scalar A'—ptu-, t+t-,
| hadrons

* Partially or fully-reconstructed final
state: =2 charged tracks, 1 photon
Look for AY decays as a narrow
peak in photon energy or AY
invariant mass
Also can be interpreted as search
for a vector gauge boson (“dark

photon”) in etfe~—YVA’
e b Y —

;,r /i
Iy
/ .|'.r"r
/

) \\
Y ,.r"’ " \\ /
Stulated Y—yA°, A%—ppu eyeny/
\ / "y
A

b\
\\‘

A\

\

\ri
/ N/

V' A0 peu-, PRL103, 081803 (2009) N : 1

v A0>t+r-, PRL103, 181801 (2009)

v/ A%—>hadrons, PRL107,221803 (2011 | | AY X y

v A0->invisible, arXiv:0808.0017 L) i A W s
1(39)

Diagrams courtesy R. Essig et al.
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BABAR Higgs Coupling Limits

q. 10§||||I||||I||||I|||ll|||||||l||||||I||||||l||l||—£t
@ - Generally preferred by NMSSM -
- A

- A
(=] — —
= 1E N BE
N — -
= 107" »
g - M4 4 -
Wy, i —
52102 = _
o 107 = — A" E
- — A’ 3
— — A"> hadrons -
1073 = — A" invisible |
S o v by b b b e b b b by T

o 1 2 3 4 5 6 7 8 9
In NMSSM: gp = tan 3 cosf 4 m,, (GeV)
Comprehensive limits on low-mass (NMSSM etc.) Higgs
Also place significant constraints on other models, e.g. axion-like states, dark
photons
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Dark Photon Limits

Limit obtained by reinterpreting the Y(2S,3S) —» yA’, A’ > u'u measurements™

Expected improvement

107

from full BaBar dataset
108 (in preparation)
10°®

— “g-2” preferred

107° B excluded
1-11 1 1 Lol ] 1 [ I I
o 102 10" 1

m, (GeV)
J.D. Bjorken et al., PRD 80, 075018 (2009)
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Summary and Outlook

B Factories continue to provide significant constraints on

0 Direct searches: unique sensitivity to low-mass new physics in

0 Combined with LHC and direct detection searches, these
measurements will provide unique information on the dynamics

1 GeV vector mediator (S.I. proton scattering)

op [em?]

QCRESST I

DAMIC E

-

[ J
dark-matter motivated new physics models
high-statistics datasets
» Belle-II will increase statistics by ~100
and flavor structure of new physics
1 GeV vector mediator (electron scattering)
10—32 ‘ ‘ ‘
m LEP mono—photon
10736 £ (+ perturbativity)
| € + perturbativity
BaBar mono—photon (+ perturbativity)
1074 . Belle I mono—photon (+ perturbativity) [~ .=~
.............................. V- ° Ge
107% | | ]
R. Essig et al., to appear |
1074 1 : ]
_ _ _ Belle 11 mono-photon (g,=8c) _ _1
=52 | | |
0.001 0.01 0.1 1
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Backup

I
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BaBar Detector

Muon/Hadron Detector
Magnet Coil
Electron/Photon Detector

Cherenkov Detector

Tracking Chamber
Support Tube

|| Vertex Detector

yXres

SR
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Belle Detector
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